Pyrene, a high molecular weight polycyclic aromatic hydrocarbon (PAH), is a priority pollutant present in soil contaminated with crude oil, coal-tar and complex PAHs. Bacterial consortium CON-3 developed from crude oil contaminated soil of Patiala, Punjab (India) cometabolized 50 µg ml -1 pyrene in the presence of glucose (0.5 %; w/v) at 30 C, as determined by reverse-phase high performance liquid chromatography (HPLC). Bacillus sp. PK-12, Bacillus sp. PK-13 and Bacillus sp. PK-14 from CON-3, identified by 16S
INTRODUCTION
A variety of polycyclic aromatic hydrocarbons (PAHs) are formed as a result of anthropogenic activities such as incomplete combustion of coal, oil, gas and wood (13) , use of creosote as wood preservatives (34), generation of wastes from petrochemical industries (14) , oil refining (43) and coal gasification plants (17) . PAHs e.g. anthracene, phenanthrene and pyrene have been identified as biohazardous chemicals by different State and Central Pollution Control Boards due to their toxic, carcinogenic and tetragenic effects on living systems (23) . Physico-chemical properties of PAHs such as low water solubility, high adsorption coefficient and high stability of the complex aromatic ring structure limit the application of conventional remediation techniques (16, 26) . In situ bioremediation is an attractive process due to its cost effectiveness, versatility and the benefit of pollutant mineralization to carbon dioxide and water (12) were carried out to develop the HMW-aromatic hydrocarbon degradation phenotype and to selectively enrich the pyreneutilizing bacterial isolates in consortium.
Isolation of pyrene utilizing bacterial isolates
The finally developed bacterial consortium CON-3 was serially diluted in 0.85 % (w/v) saline (NaCl) solution and plated on pyrene coated BH agar plates containing 0.25 % (w/v) glucose, in duplicate and incubated for 48-72 hr at 30 o C. Pyrene utilizing Bacillus spp. from crude oil Pyrene coating of BH agar plates was done according to Kiyohara et al. (20) by uniformly spreading 0.1 ml of pyrene stock solution over the surface of the media plate. The acetone immediately vaporized at ambient temperature and a white, thin layer of pyrene remained on the entire surface.
Morphologically different, discrete bacterial colonies were picked, purified by repetitive streaking on the same medium (16) and Luria-Bertani (LB) agar medium (24) and evaluated for growth on 25, 50 and 75 µg ml -1 pyrene in 100 ml BH medium containing glucose in 250-ml capacity flasks with orbital shaking (120 rpm) at 30 o C for 30 days. Glucose was provided at 0.25 %, 0.5 % and 0.75 % (w/v), respectively.
Growth was measured spectrophotometrically (Hitachi model U-2900, Japan) at 600 nm. Pyrene utilization efficiency was determined by high performance liquid chromatography (HPLC) analysis.
Molecular characterization by 16S ribosomal RNA gene analysis
The phylogenetic affiliation of bacterial isolates with maximum pyrene utilization efficiency greater than 50 % was determined. Genomic DNA was extracted by modified boiling lysis method of Krivobok et al. (21) . Briefly, bacterial pellet (28) contained ( Effect of glucose concentration on pyrene uptake by bacterial isolates: Glucose concentration in 100 ml BH medium was increased from 0.5 to 1 % (w/v) and the pyrene metabolized (utilized) by the selected bacteria was determined after every 24 hr interval. Total protein content in culture (mg ml -1 ) was estimated using biuret method of Itzhaki and Gil (15) and glucose utilization (%) was determined by 3, 5-Dinitrosalicylic acid (DNS) assay as given by Plummer (30). 
Bacterial isolate (GenBank Accession No.) NCBI match (Accession no) Nucleotide identity (%)

PK-12 (EU685814)
Bacillus pumilus (T) FO-036b (AF234854) 99 %
PK-13 (EU685815)
Bacillus flexus (T) IFO-15715 (AB021185) 98 %
PK-14 (EU685816)
Bacillus firmus (T) IAM-12464 (D16268) 98 % Pyrene uptake (PU) by the selected bacteria Bacillus spp.
PK-12, PK-13 and PK-14 in presence of glucose and its correlation with total protein in basal growth medium was studied (Fig. 3) . In time course study (Fig. 2 ) Bacillus spp. PK-12, PK-13 and PK-14 showed 14, 7 and 18 % uptake of 50 µg ml -1 pyrene respectively, from BH medium containing 0.5 % (w/v) glucose in 7 days. When glucose concentration in BH medium was doubled to 1.0 % (w/v) Bacillus spp. PK-12, PK-13 and PK-14 showed increased and rapid cometabolic uptake of pyrene which was 46, 19 and 37 % respectively, in 4 days (Fig 3) . Tao exerted a positive and stimulatory effect on pyrene utilization, by CON-3 consortium and its three member isolates. A corresponding increase in total culture protein was also observed. Trend in total protein produced in four days of growth was similar to percent pyrene uptake (Fig. 3) . Total protein content estimated was maximum for Bacillus sp. PK-12
and minimum for Bacillus sp. PK-13.
Bacillus sp. are capable of using numerous carbohydrates, but glucose is the most preferred carbon source according to Stulke and Hillen (36) and it often represses the expression and activity of catabolic systems that enable the utilization of secondary substrates (3). Our results however support that Pyrene utilizing Bacillus spp. from crude oil glucose supplementation stimulates pyrene metabolism.
Glucose is believed to act as an inducer and co-source of carbon, energy and reducing power for microbes that leads to substantial increase in bacterial biomass with a corresponding increase in metabolic activities (10). Das and Mukherjee (10) have shown 48 % utilization of 2500 µg ml It is known that microorganisms growing on hydrocarbons frequently produce biopolymers with emulsifying (6) or surfactant activity (39) so as to improve their ability to utilize these compounds (31). In this study, emulsification assays were carried out to know the capacity of the genetically identified, pyrene utilizing bacteria to produce biosurfactant activity (BA).
The supernatants of exponentially growing cultures of Bacillus spp. PK-12, PK-13 and PK-14 were evaluated for residual glucose concentration and biosurfactant activity by their ability to emulsify mobil oil at 24 hour interval (Fig. 3) . Almost half of the 1.0 % (w/v) glucose provided in the growth medium was utilized by Bacillus sp. PK-14 ( Fig. 3C) at the end of 4 days, while Bacillus spp. PK-12 ( Fig. 3A) and PK-13 ( Fig. 3B) consumed less glucose. Interestingly the trend for biosurfactant activity was also similar with maximum biosurfactant activity (1.5 units) for Bacillus sp. PK-14 ( Fig. 3C) followed by
Bacillus sp. PK-12 (1.1 units; Fig. 3A ) and least for Bacillus sp. PK-13 (0.7 units; Fig. 3B ) after 4 days of incubation. It was further observed that in Bacillus sp. PK-14 pyrene uptake occurred during exponential phase of growth and biosurfactant activity (Fig 3 C) , while in Bacillus spp. PK-12 and PK-13
( Fig. 3A and B, respectively) major uptake of pyrene was observed during the stationary phase in the culture medium. 
